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SUMMARY 


The second part of a series of tests made in Langley 
tank no. 2 . to determine the effect of varying design 
parameters of planing-tail . hulls is presented. Results 
are given to show the effects on resistance character- 
istics of varying angle of afterbody keel, depth of step, 
and length of afterbody chine. The effect of varying 
the gross load is shown for one configuration. The 
resistance characteristics of planing-tail hulls are 
compared with those of a conventional flying-boat hull. 
The forces on the forebody and afterbody of one configu- 
ration are comnared with the forces on a conventional 
hull. 


Increasing the angle of afterbody keel had small 
effect on hump resistance and no effect on high-speed 
resistance but increased free-to-trim resistance at 
intermediate speeds. 

Increasing the depth of step increased hump resistance, 
had little effect on high-speed resistance, and increased 
free-to-trim resistance at Intermediate speeds. 

Omitting the chines on the forward 25 percent of the 
afterbody had no appreciable effect on resistance. Omitting 
70 percent of the chine length had almost no effect on 
maximum, resistance but broadened the hump and increased 
spray around the afterbody. 
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Load-resistance ratio at the hump decreased more 
rapidly with increasing load coefficient for the planing- 
tail hull than for the representative conventional hull, 
although the load-resistance ratio at the hump was greater 
for the planing-tail hull than for the conventional hull 
throughout the range of loads tested. At speeds higher 
than hump speed, load-resistance ratio for the planing- 
tail hull was a maximum at a particular gross load and 
was slightly less at heavier and lighter gross loads. 

The planing-tail hull was found to have lower 
resistance than the conventional hull at both the hump 
and at high speeds, but at intermediate speeds there 
was little difference. The lower hump resistance of the 
planing-tail hull was attributed to the ability of the 
afterbody to carry a greater percentage of the total load 
while maintaining a higher value of load-resistance ratio. 


INTRODUCTION 


In reference 1 are reported the results of pre- 
liminary tests made with models of an unconventional 
flying-boat hull called a planing-tail hull. The NACA 
planing-tail hull consists of a forebody having a pointed 
step of great depth leading into a very long afterbody. 
This afterbody extends back to the region where the tail 
surfaces would be attached; thus no tail extension is 
required behind the afterbody. The results of reference 1 
indicated that this type hull might have some advantages 
over the hull of a conventional flying boat. This work 
was followed by a series of tests made to determine the 
effects on resistance characteristics of varying design 
parameters. Pert I determined the effect of varying 
length, width, and plan-form taper of the afterbody. 

(See reference 2.) The present paper, part Ii, gives 
the results of tests made in Langley tank no. 2 to 
determine the effect of varying angle of afterbody keel, 
depth of step, length of afterbody Chine, and gross 
load. 


COEFFICIENTS AND SYMBOLS 


The data of the tests were reduced to the following 
nondim ensional coefficients based on Froude's criterion 
for similarity: 



load coefficient 
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C A gross load coefficient ( — 2~ 

o V ,.,v3 


Cpj resistance coefficient 


wb 
nt 

/ MV 

Cy' speed coeffi 
Cjjj trimming-moment coefficient 


/ V 

' 1Cient 1 /SS 




draft coefficient 

v/ here 


ffl 



1 load on water, pounds 
& Q gross load on water, pounds 
R resistance, pounds 

w specific weight of water ( 63.0 lb/cu ft in these tests) 
b maximum beam of hull (l .08 ft) 

V speed, feet per second 

M trimming moment, pound-feet; moments tending to raise 

bow are considered positive 

g acceleration of gravity, feet per second per second 

d draft at step, feet 

Other symbols used are 

a angle of afterbody keel, degrees 

x longitudinal distance from center of moments to 

step, inches; distance aft of step considered 
negative 

H depth of step, inches 

A part of afterbody over which chines are omitted, 
inches 
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B part of afterbody over which chin.es are retained, 
inche s 

a sternpost angle, degrees 
A/R load-resistance ratio 
L^/b forebody length-beam ratio 

DESCRIPTION OP MODELS 


In order to avoid effects of secondary variables 
not under study, the models were made with afterbodies 
that were very’’ simple in form,. Fillets and fairings 
were omitted; consequently the models would require 
further refinements before being made into hulls of 
good aerodynamic form. 

The general lines of the models .are given in figure 1 
and table I lists the pertinent dimensions and parameters 
of each model. The fcrebody for all models is that of 
NACA. model 35-A, which, is the same forebody as was used 
in the tests reported in reference 3 and in the planing - 
t ail -hull tests' of reference 2; offsets of this fcrebody 
are given in reference 3 • 

The - afterbody used in the tests to study angle of 
afterbody keel and depth of step was a prismatic form, 
pentagonal in section except for cylindrical sections 

from stations 12 to 13-i. Between these stations the 

2 

afterbody was made cylindrical so that continuity could 
be maintained when parts of the chines were removed. 

The cylindrical sections cleared the water just below 
hump speed and remained clear at all higher speeds. The 
chines 7/ere omitted from parts of the afterbody by inserting 
lengths that were circular in section. The discontinuities 
between the circular and pentagonal sections were faired 
with plasticine. Although the model produced by this 
simple method was relatively crude, it should be adequate 
to show the effects of omitting chines on part of the 
afterbody. 
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The variations of the models tested are given in 
the following table: 


Langley tank 
model 

Depth of 
step 

Angle of 
afterbody 
keel 
( deg) 

Length of chine in 
percentage of length 
of afterbody 

163 A-l 

0 . 35 b 

0 

88.5 

163 A- 6 

.^ 5 b. 

2 

88.5 

I63A-II 

. 35 b 

k 

88.5 

163 A- 16 

• 55 b 

/ 

0 

88.5 

I63A-3 

• 5Cb 

0 

88.5 

I63A-I3 

.50b 

k 

88.5 

163A-IIA 

• 35 b 


75 - 0 

165.A-IIB 

- 35 b 

J+ 

30.0 


TEST PROCEDURE 


The tests were made by the specific me'thod. All 
configurations were tested at a. gross load coefficient 
of 1.00 and one model w n s tested also at gross load 
coefficients of 0.75 and 1 * 25 . In order to simplify 
the tests, wing lift was assumed to vary only as the 
square of the speed., and the parabolic load curves of 
figure 2 were used. Fixed-trim runs at constant speeds 
were made and resistance, draft, and trimming moments 
were measured for each run. Sufficient trims were 
covered in the tests to give trim for minimum resistance, 
zero trimming moments for the center of moments used 
(fig. l), and enough data to derive free-to-trim curves 
for a center of moments that would give zero trimming 
moment fcr best trim at the point of maximum resistance. 

Resistance, as plotted, includes the sir drag and 
the hydrodynamic resistance of the model since only the 
air drag of the towing gear was subtracted as a tare from 
the measured values of resistance. Trim, as measured, is 
the angle between the horizontal and the straight part 
of the forebody keel. Draft was measured vertically from 
the point of the step at the keel to the free-water surface. 

At high speeds and low trims the afterbodies of the 
models were clear of all water and spray. Under these 
conditions, the resistance of the complete model can 
differ from, that of the forebody alone by only the small 
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differences in air drag. Data from, unpublished tests 
made with the forebody alone were compared with the 
results from some of the present tests made with the 
complete configurations;, under conditions in which the 
afterbodies of the complete models were clear of the 
water, the resistance was found to be negligibly affected 
by the presence of the afterbody. Data from, the fore- 
body tests were therefore used, for some of the models 
in the speed region where the afterbodies were clear, 
and only sufficient tests were made with the complete 
model in this region to determine whether the afterbodies 
were definitely clear of the water. 


RESULTS AND DISCUSSION 


The results of the tests are given in figures 3 
to 12 in which resistance, trimming -moment, and draft 
coefficients are plotted against speed coefficient with 
trim as a. parameter. The speed coefficient at which 
each afterbody , cleared the water is indicated, in these 
figures. Unlike the conventional afterbody, which is 
often wetted by the forebody spray after the afterbody 
has cleared, the planing-tail afterbodies remained 
unwetted at all speed coefficients greater than those 
at which the afterbodies originally cleared. 

In order to show the effect of the several parameters 
under study (depth of step, angle of afterbody keel, 
length of afterbody chine, and gross load),^both best- 
trim and free-to-trim ( zero- trimming-moment ) curves were 
derived for -each model. (See figs. 13 to 20.) Free-to- 
trim resistance characteristics are necessarily a function 
of the location of the center of gravity. In order to 
compare free-to-trim. data of different hulls, it is there- 
fore necessary to establish a criterion for the selection 
of the centers of gravity at which the comparisons are to 
be made. The use of a location of the center of gravity 
that is a constant distance from some arbitrary point on 
the model, such as the step, does not always give a fair 
comparison because the optimum, value for this distance 
may not be the same for each hull . In order to obtain 
a fair basis for comparing the data for the various 
configurations, center-of-gravity locations were selected 
that would result in zero trimming moment for best 'trim 
at the speed corresponding to maximum resistance. 
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Trimming-moment curves at best trim and free-to-trim 
curves were determined for the same center of gravity. 
The locations of the center of gravity that resulted 
from this procedure are given in figures 13 to 20. 


Effect of Angle of Afterbody Keel 

The effects of angle of afterbody keel on free-to- 
trim and best-trim characteristics are shewn in figures 13 
and 1)4. Figure 21 is a cross plot of resistance coeffi- 
cient > , against angle of afterbody keel, a j at a 

constant 'depth of step „ H. Figure 22 is a similar cross 
plot of Cp against H at values for a of 0 C and l;. 0 . 

Hump resistance was not greatly affected by change 
in angle of afterbody keel. At H = 0.50b no appreciable 
difference was noted in the hump resistance at values of 
a of 0 ° and 4 0 (fig. 22 ). At H = 0 . 35 ^ (fig. 21 ) 
decreasing a from 6° to I4. 0 had no effect on hump 
resistance, but a perceptible increase was obtained by 
reducing a to 0 °. Investigations of conventional hulls 
have generally shown hump resistance to decrease sub- 
stantially with decreasing angle of afterbody keel. It 
is logicei that if the angle of afterbody keel of any 
configuration is varied through a sufficiently wide range, 
an angle that gives minimum hump resistance will be found. 
This optimum angle would be expected to vary with change 
in the depth of step and other changes in form. Apparently 
the range of a that has been of interest in conventional 
hulls lies above the value of a for minimum hump resis- 
tance. In the case of the planing-tail configurations, 
however, tbe range of a tested appeared to lie near the 
value of a for minimum hump resistance; the smallest 
values of a were below this value for a depth of step 
of 0 . 35 b. Thus, a tendency for the hump resistance to 
increase with decreasing angle of afterbody keel may be 
consistent with the opposite trend found in tests with 
hulls of conventional form. 

The most pronounced effect of varying angle of after- 
body keel on free-tc-trim resistance (fig. 13) was 
obtained in the intermediate planing range (C v m I4..0) 
where increasing the angle of afterbody keel caused a 
large increase in trim above best trim, which resulted 
in a secondary resistance peak. This peak increased as 

angle of afterbody keel increased and exceeded the hump 
resistance at the highest angle of afterbody keel. 
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Best-trim resistance (figs. lip and 21 ) in the speed 
region Cy s lp.0 was increased only slightly with 

increasing angle of afterbody keel. In the high-speed 
region (C = 6.5) resistance at best trim was not 

affected by angle of afterbody keel because the after- 
body was clear for all configurations tested and the 
resistance was essentially that of the forebody alone. 

Increasing the angle of afterbody keel increased the 
trim in the free-to-trim condition throughout nearly 
all the speed range. The greatest change occurred 
between values of a of 0° and 2°. (See fig. 13 .) 
Trimming moments for best trim were, in general, greatest 
at intermediate speeds. The maximum values of trimming 
moments tended to increase with angle of afterbody keel 
but the speed at which these maximum values occurred 
decreased as angle of afterbody keel was increased. 

(See fig. lip . ) 


Effect of Depth of Step 

The effect of depth of step i,s shown in figures 13, 
l6, and. 22 . The hump resistance was increased by increasing 
H from 0.35^ to 0.50b. In the intermediate planing 
range, varying the depth of step affected free-to-trim 
resistance in much the same way as had varying. the angle 
of afterbody keel. Best-trim resistance was little 
affected at high, speeds. The effects obtained for values 
of a. of both 0 ° and. lp° were similar. (See fig. 22 .) 

An increase in depth of step resulted in an increase 
in trim in both the best-trim and. free-to-trim conditions 
for all speeds up to that at which the afterbody cleared 
the water. Trimming moments for best trim were only 
slightly affected by change in depth of step. 


Effect of Sternpost Angle 

Sternpost angle a (fig. l) is a function of both 
depth of step and angle of afterbody keel. In figure 25 
resistance coefficient is plotted against sternpost angle 
at three speed coefficients. The secondary peak (Cy ^ ip- 0 ) 

tended to increase with increasing sternpost angle and 
anproximately the same results were obtained, whether the 
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sternpost angle was varied by, changing the depth of step 
or the angle of afterbody keel. At the hump the resistance 
is not a single-valued function of the sternpost angle. 
Since the best-trim resistance at high speed (Cy = 0.5) 
was affected by neither depth of step nor angle of after- 
body keel, the sternpost angle has no effect on resistance. 


Effect of Varying Length of Afterbody Chine 

In figures 17 and 18 the effect of varying length of 
afterbody chine (by omitting the chines for as much as 
70 percent of the length of the afterbody) is shown. The 
part of the afterbody over which the chines are omitted 
is designated A and the part over which the chines are 
retained is designated B. The curves show that omitting 
the chines for the forward 25 percent (l.OOb) of the 
afterbody had no appreciable effect on resistance. 
Omitting the forward JO percent (2.80b) of the chines 
caused the hump resistance to occur at a higher speed, 
broadened the hump, but had almost no effect on the 
max. imum resistance. 

With 70 percent of the chine removed, spray rose 
as high as 1/2 beam above the afterbody and would tend 
to be thrown against the tail surfaces with enough force 
to increase maintenance difficulties. 


Effect of Varying Gross Load 

The effect of varying gross load on a planing-tail 
hull is shewn in figures 19 and 20; in figure 2 [j. load- 
resistance ratio A/R at best trim is plotted against 
load coefficient for three speed coefficients. Figure 2ip 
also includes values of A/R at best trim for a 
representative conventional hull (hull A). 

The changes in trim and trimming moment caused by 
increasing the load coefficient were inconsistent but, 
in general, not large (figs. 19 and 20). 

Figure 2 ip shows that A/R at the hump for the 
planing-tail hull decreased rapidly with increasing 
load coefficient. At speed coefficients of ip.O and 6.5, 
A/R for the planing-tail hull was a maximum for the 
load corresponding to a gross load coefficient of 1.00 
and was slightly less at lighter and heavier loads. 
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This trend differs somewhat from, that of conventional 
hulls. At Cy - 4.0, A/R for the conventional hull 

decreased rapidly with increasing load coefficient but 
at Cy = 6 . 5, A/R increased rapidly. 


Comparison of Conventional and Planing-Tail Hulls 

A comparison of the resistance characteristics of 
a planing-tail hull (model loJA-ll) with those of a 
conventional hull (hull A) is given in figure 25 > in 
which speed coefficient is plotted against resistance 
coefficient at best trim for both hulls and against 
resistance coefficient at free to trim, for the planing- 
tail hull. In the best-trim condition, model l&JA-il 
had considerably lower resistance than hull A at the 
hump and at high speeds; at intermediate speeds there 
is little difference in resistance. In the free-to- 
trim condition, model 163 A-II had lower resistance than 
hull A in the best-trim condition over the parts of the 
speed range where resistance is critical (hump and high 
speed). At the intermediate speeds, the free-to-trim 
resistance of the planing-tail hull is somewhat greater 
than the best-trim resistance of the conventional hull 
because of high trims. 

The foregoing comparison has been made on a basis 
of equal beams for the two hulls. Actually, model 16JA-11 
has a greater forebody length-beam ratio than hull A, 
althoiigh the forebody of hull A has the greatest length- 
beam ratio (J. 6 ) that is in present use on American flying 
boats. 

In figure 26 A/R at the hump is plotted against 
forebody length-beam ratio L,/b for two series of hulls 

for- ’which length-beam ratio was varied systematically 
(unpublished data). The values of A/R at the hump for two 
planing-tail hulls and two unrelated conventional hulls 
are also plotted in this figure. Figure 2 b shows that the 
values of A/R at the hump for all the conventional hulls 
fall on two rather clearly defined curves, although two of 
the hulls had no relation to either length-beam series. 

The values of A/R at the hump for the planing-tail hulls 
are far above the curves. 

The increase in A/R that would be obtained for 
hull A by increasing the forebody length-beam ratio is 
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therefore a small part of the difference in the values 
of a/r for hull A and the planing-tail hulls. The 
remaining part of the difference must be due to other 
features peculiar to the planing-tail hull. 

The curves of figure 27 show that the low resistance 
obtained from a planing-tail hull is primarily due to 
the effectiveness of the planing-tail afterbody. In 
this figure resistance coefficient, trim, load-resistance 
ratio, and percentage of total load on the model carried 
by the afterbody are clotted against speed coefficient 
for both model 163A-II and hull B. Curves of A/R are 
given for the forebodies and afterbodies separately as 
well as for the complete models. Hull B (NACA model 12 bB-l, 
reference Lj_ ) , which is similar to an existing flying boat 
except for an angle of afterbody keel that is 2° lower, 
is used in the present comparison because the data were 
available from unpublished tests. In these tests ; a special 
balance was used to measure separately the forces j on the 
forebody and the afterbody. Separation of forces ; on the 
forebody and the afterbody of the planing-tail hull was 
made by the method of reference 1, which uses results of 
tests made with the forebody alone. 

The resistance hump for model 163A-II occurred at 
a speed coefficient of 1.8. At this speed the resistance 
of the two hulls is not greatly different. However, at 
a speed coefficient of 3*0, at which the resistance hump 
of hull B occurs, the resistance of model 163A-II is 
very much less and the cause of the difference between 
the resistance curves of the two models at this point 
is of primary interest. Figure 27(c) shows that at 
C y = 3 .C, the value of A/R for the forebody of 

model I63A-H is greater than the value for the fore- 
body of hull B ( 5*1 compared with I4 -. 5 )• Figure 26 
indicates that this difference is due primarily to the 
difference in length-beam ratios of the two forebodies 
(Ip. 0 and 3*0). The significant point, however, is that 
at this speed coefficient ( Cy = 3 * 0 ) the value of A/R 

for the complete hull B is only slightly greater than the 
value of A/R for its forebody, whereas the value of 
A/R for the complete model 163A-II is notably greater 
than that for its forebody (6.3 compared with 5*1) • 

At speed coefficients less than 3 * 1 > the afterbodies' 
of both hulls have higher values of A/R than the fore- 
bodies. In the speed range in which the greatest 
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differences in resistance for the two hulls exist, 
however, the values of A/R for the afterbody of 
model 163A-II are substantially greater than these for 
the afterbody of hull B. 

When the afterbody has a higher load-resistance 
ratio than the forebody, it is obviously desirable to 
carry as much load on the afterbody as possible. 

Figure 27(d) shows that for values of Cy below 2.5, the 
conventional hull carries a greater percentage of 
load on the afterbody than does the planing- tail hull. 

The load-resistance ratio for the planing-tail after- 
body, however, is greater than for the conventional 
afterbody and compensates for the differences in load 
carried by the two afterbodies to such an extent that 
the resistance of the planing-tail hull is the lower 
over part of this speed range'. 

At speed coefficients greater than 2 . 5 , the planing- 
tail afterbody not only carries a greater percentage of 
load than does the conventional afterbody but also' maintains 
a greater load-resistance ratio. These two character- 
istics of the afterbody of the planing-tail hull are the 
primary causes for the reduction of resistance at the 
speeds at which hump occurs for the conventional hull. 

It is notable that the planing-tail hull maintains a 
higher value of A/R while operating at a lower trim 

(fig. 27(b)). 

In general, the best trim for the complete model 163A.-II 
is the same as the best trim for its forebody. It is 
remarkable that, when the forebodv is operating at its 
best trim, the afterbody has much' greater values of A/R 
than has the forebody. At speed coefficients between 
2.0 and 5 . 5 , the values of A/R for a highly efficient 
planing surface with straight buttocks were found in 
reference 1 to be less than 6. The afterbody of model 163A-H 
has values of A/R several times this value in the same 
speed range. Over most of this speed range, even the 
conventional afterbody has values of A/R greater than 6. 
These afterbodie s, therefore, carry load with less resistance 
than would a single planing surface running in undisturbed 
water. In order to obtain this result, some energy of 
the forebody wake must be converted into useful lift, 
which is more effectively accomplished by the planing- 
tail afterbody than by the conventional afterbody. 
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CONCLUSIONS 


Results of tank tests to determine the effect of 
varying design parameters of planing-tail hulls led to 
the following conclusions: 

1. The effect of varying design ..parameters indicated 

(a) Increasing the angle of afterbody keel had 
small effect on hump resistance but produced a 
secondary peak in the curves of free-to-trim resistance 
at the intermediate planing range. At best trim 
only a slight increase in resistance at planing speeds 
was noted as angle of afterbody keel was increased. 
Angle of afterbody keel had no effect on high-speed 
resistance . 

(b) Increasing the depth of step increased 
hump resistance. Free-to-trim resistance in the 
intermediate planing range was increased in a 
similar manner for depth of step as for angle of 
afterbody keel. Best-trim resistance was little 
affected at high speeds. 

(c) Omitting the chines on the forward 25 percent 
of the afterbody had no appreciable effect on 
resistance. Omitting the forward 7^ percent of the 
chines caused the hump to occur at a higher speed, 
broadened the hump, but had almost no effect on 
maximum resistance. Spray. around the afterbody 
increased with 70 percent of the chines removed. 

(d) Load-resistance ratio at the hump decreased 
more rapidly with increasing load coefficient for 
the planing-tail hull than for the representative 
conventional hull, although the load-resistance 
ratio at the hump was greater for the planing- 

tail hull than for the conventional hull throughout 
the range of loads tested. At speeds higher than 
hump speed, load-resistance ratio for the planing- 
tail hull was a maximum at a particular gross load 
and was slightly less at heavier and lighter gross 
loads . 

2. A comparison of a planing-tail and a conventional 
hull showed 
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(a) The planing- tail hull had lower best- trim 
resistance at the hump and at high speed with little 
difference in resistance throughout the intermediate 
planing range. 

(b) The planing-tail hull had lower free-to- 
trim resistance than the best-trim resistance of the 
conventional hull at the hump and at high speed with 
higher resistance in the intermediate planing range. 

(c) The planing-tail hull had lower hump 
resistance primarily because of the ability of its 
afterbody to take a greater percentage of the total 
load while maintaining a higher load-resistance 
ratio than the conventional afterbody. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee For Aeronautics 
Langley Field, Va., April JO, I 9 I 4-6 
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table i 


PERTINENT MODEL DIMENSIONS AND PARAMETERS 




Langley tank 
model 

a 

(deg) 

a 

(deg) 

H 

( in. ) 

A 

( in. ) 

CQ £ 

•H 

(in.) 

(a) 

C A 

O 

163 A-l 

0 

k-95 

k-5 

6.0 

1+6.0 

1.00 

1.00 

163A-6 

2 

6.93 


6.0 

I+6.0 

b -l . ll+ 

1 .00 

163 A -11 

1 + 

8.90 

k-5 

6.0 

I+6.0 

1.50 

1.00 

163 A -16 

6 

10.88 


6.0 

I+6.0 

5.1+0 

1.00 

163 A -3 

0 

7.13 

! 6.5 

6 . 0 

| 

1+6 .0 

0.50 

1.00 

163 A -13 

k 

11.05 

6.5 

6.0 

I+6.0 

1+.90 

1.00 

I63A-IIA 

k 

8.90 

kr-5 

13.0 I 

39.0 

2.85 

1.00 

163 A- 11 B 

k 

8.90 

k-5 ' 

.36.I4. 

15.6 

3.60 

1.00 

I63A-II 

k 

8.90 

h-5 

6.0 

I+6.0 

i+.6o 

0.75 : 

165 A -11 

k 

8.90 

h -5 

6.0 

I+6.0 

I4- • 50 

1.25 


cl 

Locations of center of moments given are ones that 
give a, minimum value for peak resistance with 
the model free to trim. 


distances measured aft of step are considered negative. 
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Speed coefficient, Cy 

Figure 2.- Load curves for model 163A series. 
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Fig. ■ 3 
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Figure 3 .- Resistance, trirrming-moment, and draft characteristics of 


model I 63 A-I at fixed trim. Gross load coefficient, 1.00. 
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Figure 5.- Resistance, triming-moment, and draft characteristics of 
model I63A-II at fixed trim. Gross load coefficient, 0.75- 
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Figure 6.- Resistance, trimming-m< 
model 163A-11 at fixed trin 
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Figure 7.- Resistance, trimming-moment, and draft characteristics of 


models I63A-II at fixed trim. Gross load coefficient, 1.25. 
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Fig . 9 



model 163A-3 at fixed trim. Gross load coefficient, 1.00. 
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Fig. 10 NACA TN No. 1101 



Figure 10.- Resistance, trimming-moment, and draft characteristics of 
model I 63 A-I 3 at fixed trim. Gross load coefficient, 1.00. 
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Figure 11.- Resistance, trinming-moment, and draft characteristics of 
model I 63 A-IIA at fixed trim. Gross load coefficient, 1.00. 
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Fig. 13 



Figure 13„- Effect on free-to-trim characteristics of varying angle of 


afterbody keel. H = 0.35b; C^ Q = 1.00. 
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Fig. 16 
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Figure 16.- Effect on best-trim characteristics of varying depth 
of step. Oc - 4-.0 0 ; (V - 1.00. 
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Figure 17.- Effect on free-to-trim characteristics of omitting part of 
afterbody chines, cc = 4.0°; H = 0.35b; = 1.00. 
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Figure IS.- Effect on best-trim qharact eristics of omitting part of 
afterbody chines, oc = 4.0°; H = 0.35b; - 1.00. 
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Figure 21.- Effect of angle of afterbody keel on hump resistance, best-trim and 
free-to-trim resistance at intermediate planing range, and best-trim 
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Figure 22 tt - Effect of depth of step on free-to- trim resistance. Ca = 1.00. 
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Fig. 25 
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Speed coefficient, Cy 

Figure 25.- Comparison of best-trim resistance of hull A with best-trim 
and free-to-trlm resistance of model 163A“H. 







NACA series; models 144, 145, 146 (unpublished data) 

DVL series; models la, 8, Langley 194 (unpublished data) 
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Fig. 27 
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